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A B S T R A C T
In this study, optimization of production parameters inﬂuencing melanin production in an economical
fruit waste extract was attempted using a garden soil isolate (Bacillus safensis). Taguchi approach was
adopted for screening of critical parameters and further optimizationwas done using a central composite
design of response surface methodology (RSM). At optimum conditions (pH 6.84 and Temp 30.7 C), a
signiﬁcant yield of6.96mg/mLwas observed. Statistical analysis revealed that the experimental results
ﬁtted well to the statistical model with model R2 value 0.982. The optimization of process parameters
using RSM reported a 15% increase in the pigment yield than average yield obtained from the studied
model. The melanin produced was conﬁrmed by UV–visible spectroscopy, FTIR and XRD analysis.
Moreover melanin obtained has signiﬁcant photoprotective, radical scavenging and metal chelating
activity. Thus, B. safensis has the potential to be a new source for the production of melanin, which is of
industrial interest.
ã 2014 Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/3.0/).
1. Introduction
Melanins are the natural pigments which have their presence in
animals, plants and inmost of the microorganisms [1]. They are the
dark coloured negatively charged high molecular weight pigments
which are formed due to polymerized phenolic and/or indolic
compounds. These complex polymers are amorphous in nature and
shows solubility in neither aqueous nor organic solvents. They
showed resistance to concentrated acids and are susceptible to
bleachingbyoxidizingagents [2].Theyplayavitalrole indefenceand
protection mechanisms that improve the survival and competitive-
ness of the organisms [3]. Melanin is known for its absorption
capacityofradiationofallwavelengthswithanoptimumabsorbance
at UV range [4] which prevents photo induced damage. Hence it is
used in the preparation of photo absorbing optical lenses and in
bioplastics. Besides photo protection it has versatile biological
activities such as radical scavenging, antioxidant, antitumor, anti-
inﬂammatory [5] and as immune stimulating agent [6].
Melanin obtained from microbes has great advantages over
melanin from animals and plants. Microorganisms don't cause the
problems of seasonal variations and are selected arsenals as they
modify them according to the medium and conditions provided to
them [7]. Targetingmelanogenisis inmicrobesmay help to discover
antimicrobial drugs. For example, melanins produced by Cryptococ-
cus neoformans and Burkholderia cepacia offer virulence and
contribute to the growing resistance of these pathogenic bacteria
towards antibiotics [2,8]. The melanin synthesized by microbes
shows metal chelating ability too (sorb the radioactive wastes
uranium) [9]. There are reports that showed the anti HIV properties
of melanin and their role in photo voltage generation and
ﬂuorescence studies [10–11]. Therefore, all these properties of
melanin make them unique and are widely used in cosmetic,
sunscreen protection creams, eye glasses, pharmaceuticals, and
food industries
Considering the potential uses and increasing demand for the
melanin pigment there is a need to conduct studies on the
production of melanin from microbes. There are reports on
melanin production from various microorganisms, including
Bacillus specieswhich arewell known for their pigment production
ability in various stress environments [4,12]. Selection of substrate
for melanin production has economic importance. For instance till
date expensive substrates like NCM media [4], LB (Luria–Bertani)
media [12], minimal media supplemented with L-tyrosine [13],
amino acids enriched tryptone broth agar [14] and so on [15–16]
were used for high yield of melanin. Owing to the economy and
practicability of the melanin production process; the need to use
economically feasible substrates along with optimization of the
key parameters is needed. In recent years, considerable interest
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has been developed in using agro-industrial wastes as substrates
for valuable products like pigments. The abundantly available fruit
waste in India used widely as animal feed or disposed to the soil.
The effective utilization of this waste which is rich in carbohy-
drates and other nutrients can address our primary objective of
melanin production in a cheaperway. An optimization strategy like
Taguchi method [17] is a systematic technique of design
and analysis of experiments that has been employed successfully
in recent years to design, improve the product quality economi-
cally [18], and a central composite design (CCD) approach has
been used to ﬁt a polynomial model. The complementary use of
both the methodologies provides a great amount of information
based on only a small number of experiments and to scheme a
process.
In this study, a bacterium capable of producing melanin was
isolated from garden soil and subsequently characterized.
The strain was cultivated on the fruit waste extract (FWE) as
the sole source of energy to produce signiﬁcant amounts of
melanin. The key parameters in melanin production were
identiﬁed and optimized using simple two steps Taguchi and
CCD (central composite design) approach. Upon puriﬁcation and
characterization, the obtained melanin was tested for In vitro sun
protection effect, free radical scavenging and metal chelating
activities.
2. Materials and methods
2.1. Chemicals and microorganism
DPPH (2,2-diphenyl-1-picrylhydrazyl), purchased fromHiMedia
chemicals,Mumbai, India. Ascorbic acidwas purchased fromMerck,
India. Ferrozine and melanin (synthetic) were purchased from
Sigma–Aldrich, India.Ethanol,NaCl,NaOH,HClare fromMerck, India
and all other chemicals used were of analytical reagent grade
throughout the study. Ultrapurewaterwasused for the experiments
and aseptic conditions were maintained wherever necessary.
Themicroorganism used in this study was isolated from garden
soil in front of Department of Chemical Engineering, National
Institute of Technology, Rourkela, India using serial dilution
technique on a nutrient agar (NA) [19]. Using 107 dilution of soil
sample on NA plates, the melanin producing organism was
identiﬁed. It was separated by observing a diffusible black pigment
on NA plates after 24h. The isolated culture was preserved on NA
slants at 4 C and sub-cultured at monthly intervals.
[(Fig._1)TD$FIG]
Fig. 1. (a) FWE before (left) and after melanin production (right) by the garden soil microbial isolate, (b) colonies with diffusible melanin on NA plates, and (c) SEM image of
the microorganism. (d) Phylogenetic tree showing the position of the isolate ZJHD1–43 with reference to related strains.
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2.2. Substrate preparation
Fruit waste was obtained from a fruit juice shop of a local
market. The material used is from single batch i.e., used in all the
experiments to minimize the disturbances in the results due to
variations in composition. The waste contains major portions of
pineapple and orange waste and minor portions of pomegranate
waste. Fruit waste includes extracted carpels of oranges, core of
pineapples, and crushed seeds along with arils of pomegranate.
The soluble sugars were extracted from 1kg of fruit waste by
adding 2 l of distilled water and boiled at 100 C for 30min. The
resultant straw colour FWE was ﬁltered and stored at 4 C for
further experimentation
2.3. Production and puriﬁcation of melanin
Nutrient broth (peptone-5g/L, beef extract-3g/L, NaCl-5g/L)was
used for inoculum preparation and FWE was used as a production
medium for melanin. About 10mL (108 CFU/mL) culture suspension
was added to the FWE medium in 250mL ﬂasks with a working
volume 50ml. The mediumwas then incubated at 30 C on a rotary
shaker moving at 200 rpm for 24h. A dark pigmented and nearly
opaque FWE medium was observed (Fig. 1a). After the incubation
time, the medium was centrifuged using REMI-RM12C, India
centrifuge at 9200g for 15min to separate the broth (supernatant)
and thecells. The solidpelletof cellswasseparatedandsuspended in
distilled water. The cells were further centrifuged to collect the
supernatant.Melaninwas extracted from the overall supernatant by
acidiﬁcation with 3N HCl to pH 2 and allowed to stand for 48h
initially at room temperature. This process was repeated for 7 more
daysuntil noprecipitatewasobtained. Theobtained suspensionwas
boiled for 5min to prevent the formation of melanoidins. As a ﬁnal
point, the crude pigment pellet was collected after centrifugation at
4600g for 15min.
2.4. Parameters optimization using Taguchi and CCD design
Preliminary idea on growth conditions suggest Taguchi method
to be employed for the optimization of culture conditions for high
yield melanin pigment production. Optimization of three vital
factors like pH, temperature and agitation in 6-3-3 levels respec-
tivelywasdoneasastartingpointof thestudy(Table1).ThenTaguchi
method was performed by 18 different experiments by using
L18 orthogonal array as shown in Table 2. Shown values of melanin
(mg/mL) are the averageof the results of two replicates. Basedon the
obtained results, the optimum conditions of the used parameters
were identiﬁedandananalysis of variance (ANOVA) for theobtained
results was investigated.
Oncethecritical factorswere identiﬁed, inadditiontotheabove,a
CCD for independent variables was used for further optimization.
Two variables at two levels were used to ﬁt a polynomial model. A
two level full factorial is performedwith amodel equation designed
such that the variance ofY is constant for all points equidistant from
the centre of the design.Minitab (14.0) statistical software package
was used in the experimental design and data analysis. Response
surface graphs were obtained to know the effect of the variables,
individually and in combination, and to determine their optimum
levels for maximummelanin production. All trials were performed
in duplicate, and the averagemelanin yield was used as response Y.
3. SPF/DPPH/metal chelating assay
3.1. In vitro sun protection factor
As per the adapted method, spectra of melanin samples were
collected over the spectral range 400–280nmwith 1nm data point
resolution on a UV-visible UV-3200 double beam spectrophotome-
ter (LABINDIAanalytical InstrumentsPvtLtd India). TheSPFvaluesof
melanin from the purchased strain and microbial isolate were
determined using Mansur mathematical Eq. (1).
SPF ¼ CF
X320
290
EE lð Þ  I lð Þ  Abs lð Þ (1)
where, SPF=Sunscreen protection factor; EE(l) = erythremal effect
spectrum, I(l) = solar intensity spectrum; Abs(l) = absorbance of
sunscreen product; CF = correction factor (36.2 for SNOW LOTUS1
SPF 15 and 30) taken from Huang et al. [20]
3.2. DPPH assay
The radical scavenging activity by melanin pigment was
investigated by the modiﬁed method of Ju et al. [21]. Primarily,
1mg/mL of microbial melanin/standard (Ascorbic acid) in different
dilutions was added to 2mL of DPPH in ethanol; so that the total
strength of themelanin usedwas varied from15–100mg/mL in each
solution. After keeping for 30min at 37 C the absorbance at 516nm
was measured using UV-spectrophotometer with reference blank
samples. The experiment was performed in duplicate. The absor-
bance of DPPH as control was measured at 516nm. The lower
absorbance of the reaction mixture indicated higher radical
scavenging activity. The scavenging effect was measured using
Eq. (2).
DPPHinhibitionð%Þ ¼ ½ðControlabsorbance
 testabsorbanceÞ  100 (2)
3.3. Determination of metal chelating activity
The chelation of ferrous ions by the melanin pigment was
estimated by the method of Huang et al. [20]. Different
concentrations of melanin were mixed with a solution of 2mM
Table 1
Factors and their levels which were studied by Taguchi approach.
Factor Levels
1 2 3 4 5 6
pH 4.3 5 6 7 8 9
Temperature (C) 15 30 45
Agitation (rpm) 90 140 180
Table 2
Levels of three different factors, applied in each of 18 trials with the obtained
results.
pH Temperature Agitation Melanin (mg/mL)
4.3 15 90 0.001
4.3 30 140 0.01
4.3 45 180 0.011
5 15 90 0.08
5 30 140 0.124
5 45 180 0.11
6 15 140 0.309
6 30 180 0.331
6 45 90 0.328
7 15 180 0.522
7 30 90 0.655
7 45 140 0.577
8 15 140 0.356
8 30 180 0.446
8 45 90 0.428
9 15 180 0.219
9 30 90 0.231
9 45 140 0.218
K. Tarangini, S. Mishra / Biotechnology Reports 4 (2014) 139–146 141
FeCl2 (0.05mL). The reactionwas initiated by the addition of 5mM
ferrozine (0.2mL) and the mixture was shaken vigorously and left
standing at room temperature for 10min. Absorbance of the
solutionwas then measured spectrophotometrically at 562nm. All
the tests and analysis were performed in duplicate and averaged.
The inhibition of metal chelating activity by the melanin pigment
in percentage (%) was calculated using Eq. (3)
Metalchelatingeffectð%Þ ¼ ½A0  A1
A0
  100% (3)
where A0 is the absorbance of control reaction and A1 is the
absorbance in the presence of the sample of the melanin pigment
or standards. The control contains FeCl2 and ferrozine.
4. Characterization/analytical methods
XRD analysis was performed using the CuKa radiation
(l =1.5406A) X-ray diffractometer [Philips (PW1830HT)], in the
range of 20–90 (2u) at 0.05/s with an accelerating voltage 35kV
and applied current (30mA). The absorption spectra of the puriﬁed
melanin solutions at room temperature were obtained by UV–
visible spectrophotometer. Structural functional groups were
identiﬁed by FTIR, [Bruker, Germany] equipped with attenuated
total reﬂectance (ATR) mode with zinc selenide (ZnSe) crystal.
5. Results and discussion
5.1. Strain selection and Pigment production
Themelanin producing soil microbial isolate fromNA plates was
carefully separated and cultivated on fresh agar plates (Fig. 1b) for
24h. These colonies were examined microscopically for their
morphology as shown in Fig. 1c. The isolated strain upon 16S rDNA
sequencing identiﬁed a novel bacterial species B. safensis strain
ZJHD1–43 (GenBank Accession Number: KF585035.1). The phylo-
genic tree was constructed showing the position of isolate with
reference to related strains in Fig. 1d. The evolutionary history was
inferred using the Neighbor-Joining method. All ambiguous
positions were removed for each sequence pair and the Gene
accession numbers are also shown in Fig. 1d. Some taxonomic,
morphological and biochemical characteristics of the microbial
isolate was given in Table 3.
At usual conditions, FWE appeared to be most suitable medium
for melanin production. An intense coloration of the medium from
straw colour to brownish black was observedwithin 24h at a pH of
7and with agitation of 100 rpm.
5.2. Taguchi design for screening critical factors
Effect of pH, temperature and agitation were studied
employing a Taguchi method, which is a fractional
factorial experimental design tool. Experiments performed at
experimental conditions (pH 7; temperature 30 C; agitation
90 rpm) produced maximum melanin of 0.655mg/mL on
an average as shown in Table 2. Each of these factors such as
pH, temperature and agitation inﬂuenced signiﬁcantly on melanin
production represented as “main effect” and illustrated in
Fig. 2. Using the ANOVA software tool, signiﬁcance of two
important factors pH and temperature was reﬂected as per
Table 4. The F value represents the relative contribution of
estimated variance to residual variance. Large F value is desirable
and indicates the signiﬁcance of that parameter in the optimiza-
tion method. In addition, further conﬁrmation of the signiﬁcant
effect is understood from P value. Using P-value prob >F test
that indicates the probability of F value that will be observed
when P<0.05. Thus we found that pH and temperature have
signiﬁcant inﬂuence in the optimization of process conditions
towards melanin production, whereas agitation has negligible
effect.
Furthermore, Table 5 shows the suggested condition as
predicted from the optimization tool. Statistical calculations
predicted that at these conditions (Table 5) the melanin yield
should reach 0.620mg/mL. However, this value is slightly less than
and almost equals the value by trail no: 7 (from the array of
experiments given in Table 2). Hence, further investigation of the
suggested conditions (Table 5) was discontinued.
6. Optimization by response surface methodology (CCD design)
Optimization of process parameters was carried out using the
CCD design with the parameters found to be signiﬁcant from the
Taguchi approach, including pH (X1) and temperature (X2). Table 6
represents the design matrix and the results of the 13 experiments
carried out using the CCD design. The data obtained provided the
regression model using ANOVA software.
Y ¼ 6:7014 0:3367ðx1Þ þ 0:2083ðx2Þ  0::6048ðX1  X2Þ
 0:1175ðX1  X2Þ (4)
where X1 and X2 represents pH and temperature respectively. The
estimated regression coefﬁcients from response surface analysis of
the quadratic regression model (Table 7) demonstrate that Eq. (4)
is a highly signiﬁcant model with goodness of ﬁt R20.982 and
adjusted R20.969. These values indicate that the model equation
Table 3
Important taxonomic, morphological and biochemical chracterstics of Bacillus safensis strain ZJHD1-43.
Kingdom: Bacteria
Division: Firmicutes
Class: Bacilli
Order: Bacillales
Family: Bacillaceae
Genus: Bacillus
Species: B. safensis
Characteristics Results
Cell morphology Rod shaped, motile, with irregular colonies
Staining Gram positive
Physiological
properties
Aerobic; positive results for catalase, oxidase, hydrolysis of esculin and gelatin, acid production from L- arabinose, amygdalin, arbutin, cellobiose,
fructose, galactose, D- glucose, glycerol, maltose, D-mannitol, D-mannose, ribose, sucrose. Negative results for arginine dihydrolase, lysine
decarboxylase, hydrolysis of urea, indole production, nitrate redduction, citrate utilization,acid production from: starch glycogen, gluconate,
insulin sorbose, L- xylose, rafﬁnose.
pH range for growth 4–9
Growth
temperature
10–50 C;
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was adequate for predicting the melanin production under any
combination of values of the variables.
6.1. Interaction effects of variables
The graphical representation provides amethod to visualize the
relationship between the response and experimental levels of each
variable and the type of interactions between the test variables in
order to identify the optimum conditions. The interaction effects
and optimal levels of the variableswere determined by plotting the
three dimensional (3D) response surface curves. The response
surface curve in Fig. 3a,b represents the interaction between pH
and temperature, which showed that the maximummelanin yield
was obtained toward neutral pH, while melanin yield was
signiﬁcantly affected with an alkaline pH.
6.2. Validation of the model
Validation was carried out under conditions predicted by the
model. The optimum conditions predicted by the model are pH
6.84, Temp 30.7 C with yield of 6.8mg/mL and the actual yield
obtained was 6.960.6mg/mL. The close correlation between the
experimental and predicted values signiﬁes the reliability of the
response methodology (CCD design) over traditional optimization
approach. The increased yield at the optimum conditions were
comparable10 to and better than some microbial sources [13,22]
reported in the literature. As the reported studies utilized relatively
expensive media, our results shows the suitability of signiﬁcant
melanin production on a cheaper substrate FWE and has huge
scope for larger scale production.
7. Spectroscopy, IR and XRD analysis of melanin
7.1. UV–vis analysis
The absorption spectrum of natural melanin is shown in Fig. 4a.
The UV–visible wavelength scan showed that absorption was
highest in the UV region (200–300nm), but diminished towards
[(Fig._2)TD$FIG]
Fig. 2. Main effects of factors or average of obtained results (mg/mL) in which each factor is at a given level. For description of ‘levels’ refer to Table 1.
Table 4
Analysis of variance of main effects of factors.
Analysis of Variance for Means
Source DF Seq SS Adj SS Adj MS F P
pH 5 0.659 0.659 0.131873 195.66 0
Temperature 2 0.008 0.008 0.004054 6.02 0.025
Agitation 2 0.001 0.0014 0.000714 1.06 0.39
Residual
error
8 0.0053 0.0053 0.000674
Total 17 0.6742
Table 5
Optimumconditions suggested by statistical calculations after performing the tests.
Factor Level description Level Contribution (mg/mL)
pH 7 4 0.584–0.275 =0.309
Temperature (C) 30 2 0.299–0.275 =0.024
Agitation (rpm) 90 1 0.287–0.275 =0.012
Table 6
Experimental design matrix for the central composite design.
pH Temperature pH values Temperature values Melanin (mg/ml)
0 1 7 35 6.12
0 0 7 30 6.63
0 1 7 25 5.54
0 0 7 30 6.78
0 0 7 30 6.83
1 0 7.5 30 5.62
1 1 6.5 35 5.8
1 1 6.5 25 5.23
0 0 7 30 6.68
0 0 7 30 6.61
1 0 6.5 30 6.55
1 1 7.5 35 5.02
1 1 7.5 25 4.92
Table 7
Estimated regression coefﬁcients from the model equation.
Response surface regression: melanin (mg/ml) versus pH, temperature
Term Coef SE Coef T P
Constant 6.7014 0.05127 130.714 0
pH 0.3367 0.05041 6.679 0
Temperature 0.2083 0.05041 4.133 0.004
pHpH 0.6048 0.07429 8.141 0
Temperature temperature 0.8598 0.07429 11.573 0
pH temperature 0.1175 0.06173 1.903 0.099
S = 0.1235; R Sq =98.20%; R Sq(adj)
= 96.90%
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the visible region. This phenomenon is characteristic to melanin
and was due to the actual complex structure of melanin [1,13].
7.2. FTIR analysis
IR spectroscopy is important for the interpretation of the
structure binding capacity, afﬁnity and sites of metal ions in
melanin. Fig. 4b,c shows strong absorptions at 3500 cm1,
1700 cm1, 1300 cm1 for standard melanin and for bacterial
melanin obtained. The signals from 3600–2800 cm1 attribute to
the stretching vibrations of (O—H and N—H) the carboxylic,
phenolic and aromatic amino functional groups of indolic and
pyrrolic systems [23–24]. The spectral area between 1750–
1550 cm1represents the bending vibrations of C—O. The OH
bending of phenolic and carboxylic groups are present in 1400–
1300 cm1 [23].
7.3. XRD analysis
The XRD spectrum of bacterial melanin and purchasedmelanin
are shown in Fig. 4c. The spectra of melanin are characterized by a
broad peak, which is commonly seen in amorphous and disordered
materials centered at about 24. The observed 2uvalues are 24.83
and 24.32 for bacterial and purchased melanin respectively
(Fig. 4c). This peak is due to X- ray diffraction from parallel planer
layers. The inter layer spacing d, is calculated according to the
Bragg equation.
2dsinu ¼ ml (5)
where u is diffraction angle, m is diffraction order and l is X-ray
wavelength by considering ﬁrst order diffraction (m =1) we
obtained d values of 3.582 and 3.656A for bacterial and purchased
melanins respectively. The value of d is in good agreement with
reported value of the inter layer spacing in the stacked sheets
model of the melanin 1. An estimate of average grain size of
melanins can be calculated from the Dedye - schrerrer Eq. (1).
D ¼ 0:9 l
FWHM:cosu
(6)
where FWHM is full width at half maximum of diffraction peak.
The obtained D values are 0.668 and 0.568nm for the bacterial and
purchased melanins. The closeness of the grain size values
indicates the quality of the puriﬁed bacterialmelanin. Furthermore
% crystallinity was also calculated for the stated melanins by
considering glass substrate as background. The calculation is as
follows:
%crystallinity ¼ ðtotal backgroundprofileareaðtotalareaÞ Þ  100 (7)
Although both melanin samples exhibited the lack of structure
in the diffraction pattern corresponding to any signiﬁcant
crystallinity, the % crystallinity values (Fig. 4c, picture indicated
by arrow) further indicate bacterial melanin from FWEwas far less
crystalline when compared to the purchased melanin. Lack of
crystallinity is a signiﬁcant sign of consistent physical property of
melanin [25].
7.4. Sunscreen protection factor (SPF) values determination
The determination of SPF values for samples (bacterial and
purchasedmelanin) was made through the UV spectrophotometer
using the Mansur equation [20]. The SPF value for melanin from
FWE was 53.360.009, while it was 59.340.006 for purchased
melanin. As melanins are known for their photoprotective role
[26], the obtained SPF values state that melanin from FWE might
have profound protection effect against dermal damage related to
photoaging as that of purchased melanin.
7.5. DPPH assay
DPPH accepts an electron to become a stable diamagnetic
molecule. The ethanolic solution of DPPH (violet colour) has got a
strong absorbance at 516nm which is in the visible region of the
electromagnetic spectrum. The presence of a reducing agent in this
ethanolic solution pairs the odd electrons of DPPH radical and
further the solution losses colour stiochometrically and also the
absorbance of the solution decreases at 516nm. Reduction of
absorbance at 516nm and colour of DPPH associatedwith different
melanin doses was veriﬁed. The % increase in radical scavenging
activity from Fig. 5a indicates the diminished behaviour of the
radical. The data obtained from Fig. 5a states that scavenging
activity of the melaninwas higher than the control ascorbic acid at
each and every dose studied. This behaviour shows 30% enhanced
reductive capability of the obtained bacterial melanin than
ascorbic acid for a constant dose of melanin dose of 100mg/mL.
8. The metal binding capacity of melanin
The metal binding capacities of melanin from FWE was
determined by assessing its ability to compete with ferrozine
for the ferrous ions. The concentration dependent metal chelating
[(Fig._3)TD$FIG]
Fig. 3. Three dimensional response surface curveswith surface plot (a) and contour
plot (b) showing the effect of interactions of pH and temperature on melanin yield.
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activity was shown in Fig. 5b and its insert. The reduction in
spectrumwith an increase in melanin dose indicates that melanin
compound was interfering with the formation of ferrous and
ferrozine complex. This suggests the chelating effect of melanin
and its ability to capture ferrous ions before ferrozine. Maximum
effect (64% chelation) was observed for a dose of 0.2mg/mL
(Fig. 5c). The results suggest that the action of melanins as
oxidation protection factors may be predominantly due to their
iron binding capacity.
9. Conclusions
From the results of this study, it is concluded that the use of two
step statistical approach not only helped in locating the optimum
levels of the most signiﬁcant factors considered with minimum
resources and time but also proved to be a useful and satisfactory
method in melanin production-optimizing exercise. Thus, the
optimization of vital nutritional parameters using response surface
methodology signiﬁcantly enhanced the yield of melanin on fruit
[(Fig._4)TD$FIG]
Fig. 4. (a) UV–visible spectrum of melanin pigment obtained from FWE. (b) FTIR spectra of standard melanin (upper) and bacterial melanin (lower). (c) X-ray diffractograms
of the obtained melain (upper) and purchased melanin (lower) and % crystallinity of both are also shown as indicated by arrow.
[(Fig._5)TD$FIG]
Fig. 5. (a) Dose dependent scavenging activity of the synthesized melanin from FWE and ascorbic acid as a control. (b) Metal ion chelation effect of the produced melanin in
different doses (monitored spectrally) and (c) At a ﬁxed absorption maximum.
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waste extract has proved its feasibility for large-scale production
by a garden soil isolate (Bacillus safensis). The melanin obtained in
this study has photoprotective, radical scavenging and metal
binding capacity which is of economic importance. So the B.
safensis and fruitwaste extract can be potential sources formelanin
production.
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